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Introducrion 
'Ihe possibility of selectively renovlng the nitrogemus ccnponents of fuels ly adsorptim m 

zeolite 13x was recently reported (1-2)- zhe prpose of this wdc is to  develop an industrial prooe~s 
to remve heteroatan components fmn synthetic crude fractions in order to decrease the oeed for 
hydrotreating o r  reduce the required severity of hydroteating. Ihe enphasis has been glwn t o  
nitrogemus capnmis since they diccate the m r i t y  of the proaess. 'Ib of the nost ioportant 
criteria determining the success of an adsorption prwess are the adsorption capacity and the degree 
of selectivity. As f a d  i n  the f i r s t  two studies using a mdel solution there is a large degree of 
discrindnation between nitmgenxs coapands; the extent of adsorption is inversely proportional to 
the size a d  t!! &ty =f the #. Ihe mrall adsorpticm capacity obrained with the nodel 
solution is 10%. Mever, when usiqg a real Mphtha the capci ty  obtained is mrh snaller, b e i q  of 
the order of 1-3. ole of the potential reasons for this laar capacity could be $e caopetitive 
adsorption of nonfiitrogenous coqcuds contained i n  the m&thas. 

'Ihe present s t d y  was d e r t a k e n  to  imrestigate the degree of mmpetitim behaen nitmgerus 
oxpmxis and other nrainly olefins and oxygeMted d s .  Very little oJnpetitim fmm 
d t -  ccmpmis was observed. Olefins e r e  able t o  ccqete with nitrogarus carpollnds only 
at  very high concentrations. 

w e h d  
AU exprinents were perform4 at rarn temperature in a c o n t ~ - f l o w  fiwd-bed adsorption 

apparatus. lhe zeolite is dry-pckd i n  a stainless steel colm 23 an long and 0.4 an ID. 'Ihe f i r s t  
series of tests =re done with a zeolite dried at 160 C . 'Ihe feed is plnped at a amstant f l a r  of 
0.5 ddn and samples of the effluent are collected every 5 mL and -y analyzed by gas 
*-tography. 

was obtained us- a 1 wtX solution in toluene 
of the desired capmxl. For the oompetitive nms a solution of 1 wt% of each caqcud in toluene 
(2 wt% total) *86 used. 

Results and disassion 
Several factors affect the roagnitude of adsorption; the adsorption capacity depeds m the 

operating axxiitions mch as inlet cmcmtration, ted depth, flow rate and mst inportantly the 
affinity of the sorbate f o r  the surface. For a ghm set of operating coodi t im the capscity 
ueasures the relative affinity of the sorbate for the solid and the solution. In the f i r s t  part of 
this s a y  the effect of the Mrnre of the solution on the adsorption of a n i l i E  is investigated 
('kble 1). Ihe rnmlmLm capacity is obtained for a toluene solution; the merit of anilirre adsorption 
decreases follaring the cdditicm of heptam, cyclotexem a d  idem. It s M d  ke mted that the 
degree of reprcdudblllty bethen paddngs gives an e m r  of 1045%. 'Iius the results indicate that 

olefhic solution might interfere with the adsorption of the nitrugemus ccopamds. muld 
-lain the results recently reported showing a large dlffe- in adsorptim capci t ies  for tw 
MPhth3.5; the lowest capacity was obrained for a naphtha atnornally hlgh in olefins (M. 1, 'M le  2; 
adsorption capacity of 1 w t X  for the mtha containing 62% olefins). 

lh? adsorption capcity of individwd 

Table 2 presents a annmry of the &sorption capcit ies of w r i w  ooopands. Ihe extent of 

inderplrdolinelndole series illustrates this point; the capacities for  these corqamds are 3.99, 
13.7 and 14.81 wtX respectiwly. At a ooncentration of 1 w t X ,  the olefins ha-e very little affinity 

adsomion seems to be pmportional t o  the polarity and the basicity of the owpound. Ihe 
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for the zeolite as indicated by their low capacitig; thy do interfele with the adsorption of 
aniline as shown i n  Table 3. Oxygenated ompxnds have a strong affinity for the zeolite. 'k extent 
of adsorption of pheml canpares to  those of adl i re and indole. tm of the mst retained nitrogemus -. Uder -tition, -1 is quite successful in dispLadng the nit- 
(Table 4). lhese results nggest that naphthas high in oxygenated cappands d d  be treated wing 
the adsorption proass. "h is  could be advantagews for synthetic cnde Mphthas such as Coal derived 
liquids. 

M v i & a l  azqauds is a good predictor of the adsorption process for a oopalex -. InQed the 
order of affinity indicated by the adsorption capacity of the individual cmpd is very s M l a r  t o  
the order obtained for a solution mung eighteen caqroslds (1). k p t  for a few cases the 

ShmA k t  Tables 3 7 .  15 
ut% . Ihe adsorption is not dard~ted  by a single nitmgeKw canpamd. 

Gmclusion 

cupmxk except possibly f m  olefins. Both nitrogemus and oxygenated conpd.9 have a strong 
affinity for  the zeolite. Ihe adsorption of oxygenated presents a real advantage since 
these coopamds are also problemtic. Oxygenated cmpmds are present in significant BllMts in a 
variety of synthetic cnde fractions. 

h adsorption pmcess for the d of heteroatom ccmponents. using a zeolite 13X , w d d  not 
be efficient because of the low affinity of a morber of nitrogeoous m. For instance 
phenetylpiperidine and collidine are adsorbed a t  less thm 8 a% w i t h t  any caipetiticn (Table 2) . 
'Ibis capacity w i l l  decrease in a dtisomponent solution beau% of site awpetition. FUture wdc 
SM CClIlcentrate of fkding an adsorbent that can rem- the less basic mnpamis. 

Ihe s h d y  on O.mp2tition betwal nitrogemus ampollnds show that the adsorption capacity of 

indiKbhd CaFddtieS &O PWCted the &ti= for the "tr*, cmpd C C W e t i t i o n s "  
'Ihe results indicate that the total capadty obtained is of the order of 

"e data obtained i n  this study show that there should be l i t t l e  canpetition f r m  nm-hztematm 
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Table 1 

Solvent effect on anil lre adsorption capacity (ut% on zeolite) 
1 ut% anillne in solwnt 

solvent C a P a d t Y  4 Capacity relative to toluene 

tOlUene 22.91 

5o:M cycl- 15.13 
50:M 1-i- 15.09 

50:M tOlUene/hep- 19.28 
- 
0.84 
0.66 
0.65 
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Table 2 

kisorptim capacity for indiddual c e  (wt% on zeoute) 
1 wtx in toluene 

Compound 

1.21 
3.99 
5.73 
5.98 
7.24 
8.47 
8.69 
9.04 
10.45 
11.18 

11.70 
11.91 
12.99 
13.70 
14.01 
14.45 
14.72 
14.81 
16.08 
22.91 

Qble 3 

kkorption capacity for variam rxqods in the presence of hi l im ( wt% m zeolite) 
1 wtx conpolnd ad 1 WX aniline in toluene 

Compourd Capacity x Relative Ancline Aniline Total 
Capadty capc i ty  % Fdative capadty capacity 

0.43 
1.07 
3.66 
5.43 
7.39 
7.77 
8.92 
9 .a6 

0.36 
0.28 
0.28 
0.49 
0.50 
0.74 
0.62 
0.72 

16.21 
13.64 
15.38 
15.16 
12.66 
7.67 

11.79 
16.82 

0.74 
0.59 
0.67 
0.66 
0.55 
0.34 
0.52 
0.74 

16.63 
14.71 
19.04 
20.59 
20.05 
15.44 
21.71 
26.68 

Table 4 

pdsorption capadties for d a r s  cnoponds in th? preserre of -1 (ut% on zeolite) 
1 WE% compand and 1 wtx pkml in toluene - capacity% RelatrveCapacity Rem1 Rpnol Total 

capacity% Felative capacity Capacity 

rn tmzyMne 3.57 0.28 10.59 0.66 14.11 
Qlin0uI-e 4.75 0.44 11.83 0.73 16.55 
2,2*-Rtwidyl 5.71 0.55 9.06 0.56 14.77 
hiole  7.61 0.51 13.27 0.83 20.88 
cecylalwhol 7.68 0.69 11.41 0.71 19.09 
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Table 5 

Adsorption c a e t i e s  for various mqamds in the presence of ktyhdm ( w t X  on zeolite) 
1 ut% compamd and 1 w t x  octylaudn? in toluene 

\ 

2,2’-dipy~im/l 8.21 0.79 6.62 0.56 
4-Ethylpyridine 8.59 0.77 4.41 0.37 
D.Lbenzylaudre 8.91 0.69 6.98 0.59 
cY1cloheP- 9.u) 0.80 5.68 0.48 
Qlinolh 9.70 0.90 6.89 0.56 
Indole 10.06 0.68 6.76 0.62 

14.83 
13.00 
15.89 
15.08 
16.59 
16.82 

Table 6 

Pdsorptlm qacitles for various ccqamds in the presence of 4-Ethylpyridine (wtX on zeolite) 
1 wtX compolmd ard 1 w t X  4-ethylpyrWne in toluene 

compand 

5.65 
5.74 
5.79 
6.19 
7.13 
7.90 
8.34 
13.97 

Relative 
capacity 

0.52 
0.51 
0.45 
0.45 
0.48 
0.68 
0.80 
0.61 

Total 
capacity 

5.59 
9.45 
9.06 
7.29 
6.82 
9.53 
5.89 
8.32 

0.50 
0.85 
0.82 
0.66 
0.61 
0.86 
0.53 
0.75 

11.24 
15.19 
14.85 
13.48 
13.95 
17.43 
14.23 
22.29 

Table 7 

pdsorptlcm capacities for various mqmnxk in the of @ i ~ ~ l i r ~  ( w t X  on zeolite) 
1 w t X  coopand and 1 w t %  quinoline In toluene 

~~ 

ccapamd capacity% Relativecapacity Qlinoline Qllmline Total 
capadty % Felatlve capacity capacity 

LECYlalCObl 1.78 0.16 9.35 0.87 11.13 
Mbenylaudn? 4.23 0.33 9.46 0.88 13.69 
Z-Renylpyridine 5.21 0.60 9.14 0.85 14.35 
Mole 5.85 0.43 7.11 0.65 12.% 
Mom 7.23 0.53 8.63 0.80 15.86 
2,2’-Mwridyl 8.05 0.77 4.37 0.40 12.42 
MUn? 11.19 0.52 8.92 0.62 a.11 
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